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were	exploited	beyond	c.	1600–1500	BC.	Explanations	 for	 this	apparent	cessation	of	copper	extraction	across	northwest	Europe	have	 tended	 to	emphasise	a	 transition	 towards	 the	 importing	of	bronze	 from	the	continent	and	 the
recycling	 of	 existing	 bronze	 objects	 (Rohl	 and	Needham,	 1998;	 Timberlake,	 2017).	Williams	 (2017)	 has	 proposed	 that	 in	 Britain,	 the	mostly	 small	 copper	mines	with	 low	 grade	 ore,	 and	 lacking	 substantial	 secondary	 ores	were
superseded	from	c.	1600	BC	-1400	BC	by	the	large,	very	rich	and	easily	worked	Great	Orme	mine.	However,	the	lead	isotope	and	trace	element	data	indicate	that	the	Great	Orme	mine	played	only	a	limited	role	in	copper	production
and	consumption	in	Britain	after	c.	1400	BC.	What	is	not	currently	determined,	either	archaeologically	or	archaeometallurgically,	 is	where	Bronze	Age	communities	 in	Britain	obtained	their	copper	(or	 indeed	tin)	from	c.	1400	BC
onwards.	The	existence	of	spatially	and	chronologically	distinctive	metal	compositions	in	bronze	metalwork	assemblages	spanning	c.	1400–800	BC	(Northover,	1982a;	Williams,	2017)	demonstrates	that	any	explanation	must	involve	the
exploitation	of	new	copper	ore	sources	and	cannot	rely	solely	on	recycling	(cf.	Radivojević	et	al.	in	press (2018	not	in	press)).	The	destruction	of	Bronze	Age	mines	by	later	mining	activity,	especially	for	copper	and	tin	mining	in	southwest



















consistent	with	this	dating	(Northover,	2013).	The	analysis	of	 the	sea	 level	history	and	coastal	geomorphology	demonstrates	that	coastal	retreat	cannot	explain	the	distribution	of	 the	metalwork	and	 it	 is	 therefore	argued	that	 the
objects	were	transported	to	their	location	before	being	dispersed	on	the	seabed	(Needham	et	al.,	2013).	The	prevalence	of	later	shipwrecks	–	Salcombe	B	was	only	found	in	the	course	of	the	investigation	of	a	17th	century	AD	shipwreck

































Reg.	No	(2010,8032.*) Relative	size Complete/fragment weight	(g) length	(mm) width	(mm) thickness	(mm)
100 Large Fragment 614 85 58 23
101 Large Fragment 810 104 71 26
103 Large Complete 958 105 82 25
181 Large Complete 378 79 48 25
183 Large Fragment 446 77 59 26
184 Medium Fragment 100 42 30 16
190 Large Complete 1524 124 110 32
196 Large Fragment 579 95 63 22
201 Large Fragment 900 122 83 24
202 Large Fragment 557 74 71 28
203 Large Fragment 941 98 79 28
220 Medium Fragment 236 59 41 28
226 Medium Fragment 283 65 26 21
232 Large Fragment 529 75 46 33
252 Large Fragment 488 72 69 27
253 Medium Fragment 174 51 37 25
254 Medium Fragment 177 53 46 21
255 Medium Fragment 220 48 44 21
259 Medium Fragment 181 57 41 20
260 Medium Fragment 118 53 41 18
261 Medium Fragment 207 53 36 18
267 Small Fragment 47 29 24 22
268 Medium Fragment 138 49 31 27
269 Medium Fragment 127 43 29 19






































Cu S Ag As Au Bi Cd Co Fe I (Please	make	those	two	parts	(which	were	continued	in	a	wrong	place)contiguous	to	become	a	complete	table	in	Landscape.)n
% % μg	g−1 μg	g−1 μg	g−1 μg	g−1 μg	g−1 μg	g−1 μg	g−1 μg	g−1
Copper	ingots
2010,8032.100 98.5 0.607 487 4.39 7.40 <0.5 <0.08 32.4 111 0.41
2010,8032.101 98.7 0.408 66.6 1134 <0.33 21.5 <0.08 0.60 154 0.39
2010,8032.103 97.8 0.609 36.3 14.3 0.35 2.12 <0.08 0.45 <92 <0.37
2010,8032.181 99.9 0.679 715 49.2 1.46 13.5 <0.08 1.65 <92 0.87
2010,8032.183 100.1 0.711 290 61.0 0.64 4.77 <0.08 9.73 <96 0.98
2010,8032.184 100.1 0.673 655 16.7 3.86 1.00 <0.08 14.7 <100 1.72
2010,8032.190 100.6 0.712 385 77.7 3.69 16.5 <0.08 17.7 <118 4.76
2010,8032.196 100.0 0.656 86.6 <3.5 0.37 76.0 <0.08 1.41 <96 1.28
2010,8032.201 97.3 0.641 1220 145 <0.33 38.6 <0.08 6.52 <90 2.41
2010,8032.202 99.4 0.694 529 25.1 0.54 1.61 <0.08 3.47 <146 <0.37
2010,8032.203 99.6 0.565 28.8 675 <0.33 142 <0.08 <0.21 <77 1.78
2010,8032.220 98.7 0.597 16.2 193 <0.33 1.05 <0.08 4.56 <100 <0.37
2010,8032.226 99.1 0.626 440 563 4.33 7.33 <0.08 34.5 <74 2.30
2010,8032.232 98.0 0.631 351 32.4 0.43 4.06 <0.08 8.61 <104 0.99
2010,8032.252 98.8 0.615 200 47.7 17.5 14.4 <0.08 24.5 <134 18.2
2010,8032.253 99.4 0.621 56.4 9.42 3.00 <0.5 <0.08 13.1 <115 1.12
2010,8032.254 98.2 0.481 84.9 633 <0.33 7.42 0.15 1.64 <95 <0.37
2010,8032.255 98.5 0.319 621 2603 <0.33 24.9 <0.08 0.59 90.7 1.17
2010,8032.259 99.0 0.654 738 31.3 0.51 2.97 <0.08 8.46 121 0.72
2010,8032.260 99.1 0.609 47.2 4.69 <0.33 <0.5 <0.08 0.80 88.8 0.74
2010,8032.261 103.2 0.558 3008 86.1 2.68 6.09 2.77 2.19 101 3.34
2010,8032.267 91.3 0.427 161 1589 <0.33 14.8 <0.08 0.56 179 0.80
2010,8032.268 95.7 0.521 11.7 15.6 5.81 1.30 <0.08 1.17 <106 <0.37
2010,8032.269 97.8 0.422 725 145 <0.33 3.93 <0.08 0.78 219 0.77
2010,8032.270 98.7 0.793 442 935 0.34 19.1 <0.08 3.47 <150 6.03
(A	single	empty	line	is	enough	here.)
Min 91.3 0.319 11.7 <3.5 <0.33 <0.5 <0.08 <0.21 <74 <0.37
Max 103.2 0.793 3008 2603 17.5 142 2.77 34.5 219 18.2
Mean (The	row	can	be	made	narrower	so	that	the	table	fits	better) 98.7 0.593 456 364* 2.24* 17.1* 7.75* 2.11*
Median (The	row	can	be	made	narrower	so	that	the	table	fits	better.	The
same	applies	to	the	line	below.) 98.8 0.615 351 61.0 0.43 6.09 3.47 0.98
Bronze	artefacts
17 86.2 0.065 587 1119 <0.33 28.7 <3.5 7.727 1432 <3
23 88.0 0.033 393 1330 11.1 59.1 <3.5 180 463 27.7
Sample	No.
Mn Ni Pb Sb Se Sn Te Zn Total
μg	g−1 μg	g−1 μg	g−1 μg	g−1 μg	g−1 μg	g−1 μg	g−1 μg	g−1 %
Copper	ingots
2010,8032.100 <15 2041 115 495 44.5 <5 <0.24 12.7 99.4
2010,8032.101 <15 81.6 13.8 27.6 44.6 134 <0.24 12.5 99.3
2010,8032.103 <15 47.0 14.2 153 28.6 17.2 <0.24 7.49 98.4
2010,8032.181 <15 313 12.2 791 18.4 12.6 <0.24 35.4 100.8
2010,8032.183 <15 831 203 52.4 17.5 11.4 <0.24 <7 101.0
2010,8032.184 <15 836 207 191 19.6 16.3 <0.24 <7 101.0
2010,8032.190 <15 427 257 189 91.3 13.6 1.36 18.5 101.4
2010,8032.196 17.4 221 70.2 5.78 137 <5 1.43 <7 100.7
2010,8032.201 17.3 1009 10.5 10752 6.53 9.87 <0.24 17.4 99.3
2010,8032.202 <15 516 12.9 80.5 14.9 9.46 <0.24 <7 100.2
2010,8032.203 <15 16.5 1.71 43.9 18.2 285 <0.24 <7 100.3
2010,8032.220 <15 351 227 29.5 22.8 39.6 <0.24 <7 99.4
2010,8032.226 <15 322 38.8 13.1 19.9 8.42 6.58 8.83 99.8
2010,8032.232 <15 606 5.20 44.1 10.9 7.36 <0.24 11.4 98.8
2010,8032.252 27.8 157 89.2 51.4 190 16.6 2.54 16.4 99.5
2010,8032.253 <15 1076 6.49 53.0 8.38 6.82 <0.24 11.4 100.2
2010,8032.254 <15 429 599 357 25.8 166 <0.24 <7 98.9
2010,8032.255 <15 140 86.3 295 53.0 292 0.555 <7 99.2
2010,8032.259 <15 882 13.7 72.9 35.8 18.5 <0.24 <7 99.8
2010,8032.260 <15 545 2.71 61.8 3.91 <5 <0.24 <7 99.7
2010,8032.261 <15 228 6417 489 27.7 <5 <0.24 936 104.8
2010,8032.267 <15 164 604 427 199 20.2 0.322 <7 92.0
2010,8032.268 <15 242 2.73 3.13 48.5 <5 16.8 <7 96.3
2010,8032.269 21.3 339 214 462 4.58 8.65 <0.24 <7 98.4
2010,8032.270 <15 1418 82.5 109 381 49.7 4.34 <7 99.8
Min (The	row	can	be	made	narrower	so	that	the	table	fits	better.	The	same	applies	to	the	line	above	and	to	four	lines	below.) <15 16.5 1.71 3.13 3.91 <5 <0.24 <7
Max 27.8 2041 6417 10752 381 292 16.8 936
Mean 530 372 610 58.9 46.7*
Median 351 70.2 80.5 25.8 12.6
Bronze	artefacts
17 46.1 151 7104 77.4 <3.3 115775 <6 18.9 98.9
23 18.4 2261 3300 750 4.5 98066 <6 22.5 98.8
Table	3	Bronze	Age	copper	ingots	in	Britain	as	determined	by	compositional	analyses.
alt-text:	Table	3
Site (This	table	should	be	able	to	fit	into	a	single	column	on	the	page.) No	of	analyses/Analytical	techniques References
1 Heathery	Burn,	Co.	Durham 1/AAS Bray	and	Pollard,	2012;	Rohl	and	Needham,	1998
2 Gilmonby,	Co.	Durham 2/EPMA Coggins	and	Tylecote,	1983
3 Beeston	Regis,	Norfolk 4/AAS Lawson,	2014
4 Stuntney,	Cambridgeshire 2/Optical	Spectroscopy Brown	and	Blin-Stoyle	1959	a	&	b
5 Reach	Fen,	Cambridgeshire Northover,	unpublished
6 Rook	Hall,	Essex 40/EPMA Table	1	in	Brown	et	al.,	unpublished
7 Wickham	Bishops	II,	Essex 13/EPMA Table	1	in	Brown	et	al.,	unpublished
8 Hertford	Heath,	Hertfordshire 26/AAS Craddock	and	Tite	1979
9 Hanningfield,	Essex 3/EPMA Table	1	in	Brown	et	al.,	unpublished
10 Watford,	Hertfordshire Ignacio	Montero	pers.	comm.
11 Vange,	Essex 53/EPMA Table	2	in	Brown	et	al.,	unpublished
12 Mucking,	Essex 3/EPMA Northover,	2016
13 Stoke	Hoo,	Essex 4/EPMA	and	1/AAS Rohl	and	Needham,	1998
14 Boughton	Malherbe,	Kent Lois	Armada,	pers.	comm
15 Cliff's	End,	Kent 5/EPMA Northover	2014




20 Runnymede	Bridge,	Berkshire 7/AAS Hook,	1988
21 Petters	Sports	Field,	Egham,	Surrey 4/AAS Craddock	et	al.,	1990
22 Weston	Wood,	Surrey 1/EPMA? Tylecote	1976
23 Stogursey,	Somerset Northover,	unpublished
24 Gitisham,	Devon Northover,	unpublished
25 Mountbatten,	Devon 1/EPMA Northover,	1988b
26 Freshwater	West,	Pembrokeshire 20/EPMA Northover,	unpublished
27 Porthcothan,	Cornwall 6/EPMA Northover,	unpublished
28 Truro	College,	Cornwall 3/EPMA Northover,	unpublished
29 Gilian,	Cornwall 1/EPMA? Tylecote	1976
30 St	Erth	l	and	II,	Cornwall 25/EPMA Northover,	unpublished




























































































not	 identified	 in	 the	microstructure	of	any	of	 the	samples	analysed,	 suggesting	 that	 these	 ingots	were	probably	not	 from	re-melting	primary	smelting	 lumps.	As	Tylecote	(1976)	 found,	 re-melting	must	have	been	done	under	quite




Sulphur	 is	practically	 insoluble	 in	molten	copper	and	 is	separated	 in	a	 form	of	copper	sulphide	 inclusions	even	at	 low	bulk	concentrations	(<0.1%)	 in	a	copper	object	(Chernykh	et	al.,	1998).	Oxide	copper	ores	may	contain
significant	amounts	of	sulphur	either	as	impurities	in	copper	carbonates	or	residual	unaltered	sulphides	and	sulphur	can	concentrate	(in	a	form	of	sulphide	inclusions)	in	copper	smelted	from	oxide	ores	(Tylecote,	1976).	Craddock	(1988)
reported	that	sulphur	contents	of	metal	produced	from	malachite	ores	in	Timna	vary	from	0.1	to	0.5%	(except	one	with	0.8%).	Therefore,	the	presence	of	copper	sulphide	inclusions	and/or	moderate	bulk	concentrations	of	sulphur	in
copper	 ingots	do	not	necessarily	point	 to	sulphide	ores	being	the	source	of	metal	and	may	not	provide	convincing	evidence	of	 the	type	of	ore	used	 for	smelting	 (Balmuth	and	Tylecote,	1976;	Chernykh	et	al.,	1998).	 The	 experimental
smelting,	however,	undertaken	by	Tylecote	 et	 al.	 (1977)	 proved	 that	matte	 smelting	and	 roasting	of	 sulphide	copper	ores	 caused	a	major	 loss	of	 volatile	 impurities	and	 so	would	produce	a	mainly	 low	 impurity	 copper.	Brown	 et	 al.

















many	Late	Bronze	Age	(c.	1150–800	BC)	hoards	 in	Britain	has	rarely	 led	 to	compositional	analyses.	Scholars	have	 typically	assumed	 that	 these	 ingots	and	 ingot	 fragments	are	bronze	on	 the	baseis	of	 the	associated	bronze	 tools,
weapons	 and	 ornaments.	However,	 the	 compositional	 analyses	 of	 large	 ingot	 assemblages	 in	 terrestrial	 hoards	 as	 at	Boughton	Malherbe	 and	Freshwater	West	 (Table	 3)	 as	well	 as	 the	maritime	 assemblage	 at	 Salcombe	 (Table	 2)














Sites Sample	size Pb	(%) Sn	(%) Ag	(%) Fe	(%) Sb	(%) Ni	(%) As	(%)
Salcombe,	Devon	(Table	2) 25 <0.06	but	one	(0.64) <0.01	but	four	–(0.029)
<0.3;	mostly
<0.05 <0.022 <0.08	but	one	(1.075) <0.204 <0.26
Hertford	Heath,	Hertfordshire





St	Michael's	Mount,	Cornwallb 8 <0.06	but	one	(0.64) 0.009–0.638 0.039–0.937 0.012–0.471 <0.02	but	one	(0.285) <0.130 <0.18	but	one	(1.349)
Runnymede	Bridge,	Berkshirec 7 <0.1	but	one	(0.69) nd 0.005–0.009 0.09–0.179 <0.056 <0.156 <0.489
Petters	Sports	Field,	Surreyd 4 <0.1 <0.04 <0.04 0.01–0.03 <0.08 <0.06 0.1–0.2





























































































recycled	metal	 (Radivojević	 et	 al.	 in	press (2018)).	 This	 future	 research	 should	 provide	 indications	 not	 only	 on	 the	maritime	 route	 being	 taken	by	 the	Bronze	Age	boat	 or	 boats	wrecked	 off	 the	 coast	 of	 Salcombe	but	 also	 to	 our
understanding	of	trade	across	Middle-Late	Bronze	Age	northwest	Europe.
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Highlights
• The	largest	discovery	of	Bronze	Age	(c.	2200–800	BC)	copper	ingots	in	northwest	Europe.
• We	present	chemical	and	metallographic	analyses	of	25	samples.
• The	chemical	compositions	point	to	British	or	Western	European	sources	for	the	majority	of	them.
• An	extensive	review	and	comparison	with	other	copper	ingots	is	presented.
• Direct	evidence	of	the	maritime	movement	of	large	quantities	of	copper	(instead	of	bronze)	ingots.
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